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ABSTRACT . . ^ _ - ^ 

A project concerned With the modification * of a 
mathematical probability and statisticsT coUrse is described. ,The ^ 
^wc^B was redesigned "to include a ^weekly ti^^^^ session 
iS-Which students use an IBM 1130 computer to verify ^Jiii^^ the 
l&epretical proof s learried- in iie classroom* - This project report 
^liMt^ the subrouti^ furnished to th stiidents and the tqpics of 
J^eh of the 15 lab sessions*. In addition, descripti<»is of three^ 
l^Bbratory exercises are given bjf Way pf ^ illustra^^ followed by a 
^^piary 'of student reactions and f aciilty attitudes toward the us^ of 
tfi^ computer for laboratory work. . (LB) . * 
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' * - , l^SI^torx Descrifit ion * 

.hich':;e^LvJf !r^K'cSls^^:l!%'!^;SSf Li;^^^^^^^ ^^Jk^''^ theoretical concepts 

dr-eoec tinderstan ding of the theory - L ^^'^ ^am a better ^and 

coapnter for, analyzing da-*a.- ' '^* «^.«^*^°n they beco.e aware of the capabilities of .the 

Several subroutines are furnished for the 'students.' These innlwa*.: 
(1) a randos .nmber generator, 
' plotting .subroutines for (a) eapirical- and theoretical distribution function^ 

,(3) pro5r..s .Hch gi.e „i»es of a nu.bcr of aisttibttlon functions, anj 
. («) subroutines. .hich select r.ndo. s.sples fro. th, st.naird Jistrlbntions. 

»conrieUs\'^?t"^;^ie'ij!of3^%'a.;rjncSbTti:jts s^s.?L:ts." ^^^^^ . 
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Laboratory ^ Topics 

1 * Transforaations of Handoa Variables, Cauchy Distribution, " H(0,1i 

Distribution Osing* Box-Huller Hethod. 

2 chi-square and Beta Distributions* ' 

3 Functions, of Independent and Identically Distributed Noraal Rando* 
Variables, , ^ * ' 

a . The t^and ? Distributions, 

5 Convergence in Probability; Convergence in Distribution, 

6 Central Limit Theorea, " , . 

7 Horaal Approsciaations for tie Binomial Distribution, 

8 Estiaation, * - , 

9 confidence Inter^vals-f of ijeans and Variances; 

10 * ^ confidence Intervals, for* Proportions, ^ ^ * 

" ^ '11 Tests of siaple Hypotheses, - * 

-12 The Power Function, ^ . * 

13 ^ 'Analysis of variance, 

14 A Test of the Equality of Hultiaoaial Distributions, 

15 ' Statistics. ^ ' * , 

Sfa shall give a btrief description of. parts of three laloratories, 

fel62£§£2£X 5 " The t and F Distributions: A t random variable with r = 8 degrees of 

f reedDa is' defined by . ^ 

^ . Z. ^ - ' , , 



where Z has a noraal distribution with aean/t-0 and variance jor*=1 (hereafter H(0,1}]# 0 has a 
chi-siuare distribution with r=8 degrees of freedom [hereafter <^n#' 25 and a are 
independet ^ ' ^ - - " ' * ^ 

The students ace able to simulate saaples from both the normal and chi-square 
distributions. Thus they are able to siaulate ns300 observations cf f and obtain a histpgraa 
siailar to that- shown in Figure 1, "This is a ^ relative -frequency histdgraa witi the 
;)robability density function for the t distribution .with r=8 degrees of freedoa superiapose^. 

rhe iaportance of the t distribution is its use in normal sampling. To illustrate this, 
let X, / X«r ♦ • , r X. be a random saaple from a distribution which is H(30,16), Then 

T ' 




has a t distribution with r=8 degrees of freedom, A random sample of size n«300 observations 
of Tr generated using this relaticnship, yielded the Histogram in Figure 2# 
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Students are able to raise arid partially answer questions concerning the hypotheses of 
ala theorem's. For example, what if the random sample in the above exercise does, not coa« 
a normal distribution. Does T defined above still have a t distribution? 

Dr suppose the sample does coie from a normal distribution. What effect does roundiR| 
the observations have on the distribution of T? This question was investigated by one oi 
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oar students using different* coabinations of the variance, sample size, and rounil off 
accotacy (23'« - 

^^bgratort 6 - The Central Lisit Theorei: (This particular example nas aotiTated by the 
norlc of~iJo''fiope college students 13,^]*) . ' ' * 

- ■ ' . ■ ' ' 

this experiment illustrates the Central^Liftit Theorem and gives students soae f^^eling 
for deciding n^en n is Jsuff iciently large" for using the norsal approxi»atibn. This 
particular exatipla also helps to emphasise that the Centra.1 Limit Theorea is applicable to 
contiaubus, discrete, and aixed distributions* * - , * * " 

Consider the folloving gaae* Flip a coin.' If the outcoae is heads, «in $2; if the 
outcoi2 is tails, spin a balanced spinner which has outcomes between 0 and 1 with the payoff 
eaual to the outcoae on the spinner* * Let x denote^the payoff for this game* "^ben X has a 
aixad distribution,^ =5/a, a25=29/48. Let I| , . . . , denote the outcomes on n 

independent plays of this game* Then " , » ' ' . * 



- " /29/ {48n) . ' ^ , . - ' 

converges in distribut^ion to the random variable f which 'is H(0,1)* 

. - In the laboratory we would illustrate that »n has a distribution which is approximately 
S(O^J| when n is sufficiestly large. In this paper we shall use two values of r*, n^l and 
n^13i Thfs gam% was simulated 200 times yielding 200 observations of f|* The histogram of 
.th^^e data is plotted in Figur? 3 ;with the probability density function tov the normal 
distribution,/! *0,. 0-2=1 superimposed. Kn observation of. the random variable 1113 is simulated 
u^ing 13 independent plays of the game. Thus 200 observations of W13 are- based ^upon 2600 
-plays of the game. The histografm of 200 observations of W|3 is given in Figure «l with the 
!f {D,.1) probability density function superimposed^ The empirical "distribution" function for 
the first 25 observations of $f 13 is plotted along with t'he StO,1J distribution function in 
Figure 5* . ' ' , - ' 

Let • • # cl«not€ a random sample of size n from a distrribution which has 

mean^ and variance <r*» Let . 

Ir/^ \ . ' ^ ^ - ^ , = » 

h "rule of thumb'* givem in many - textJBOOks is ' that W^ has a distribution which is 
approximately K (0,1) when n is greater than 25 or 30. Osing the techniques learned in the 
abovr and similar exercises, a student, is able to test t^his^rule of thumb«» empirically for 
$erveral*distributions. * 

laboratory 12 -^The Power Function: This laboratory illustrates the power function both 
theor?t icaiiy^and eapirically. He shall describe the particular exercise which uses a test 
oh the variance.,:. 

t»t X have a normal distribution with mean /i and variance o^. »e shall' test the null 
hypothesis-"H^:cy*=47.5 against the alternative hypothesis- H |:0«<47 .5. 

'If the 'test is based upon a sample 0^ size n^^lO, a critical region for a significance 

level of . * - 

a^0.05 is C={CXj,-3^r . . r - <)V^7.5 <'3.325). 

The p3wer function for this test is defined by 

• KCd») = ^ (3.325 )4 47.5) 

. : ' ■ - 

where X^^i'^' V^^ a * distribution which is ^^(9) . I subroutine for the chi-sguare 

distribution function permits us to graph this power functica. 

to illustrate the ' power function empirically-, for <f2*2.5, #7.5, 5, we generated 50 
random samples of size 10 from a distribution which was J(0,<^}. For each of the 10 values 
of ve counted 'the number of times that floras rejected. The- relative freguency of 

rejections for a particular valus of <f* should be close to R{^). 
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. In Figure 6 the power function is graphed along with. the relative frequencies of 
rejections for th<5, fO values' of <r*. . . ' * . 

srith the techniques learned in .this example, a student is able to compare. two power 
func+^ons for the saoejlest which differ only in the size of the critical region. A student 
is- also able to define*a power function^ empirically when he is perhaps not able to defmo it 
theorst ically. 

Student Reaction * . - 

\ this laboratory has been taken by two classes of junior and senior «ath«fflatics and 
science najors. the general reaction of most of the students to the laboratory ^^s been 
favorable. Of the =25* students in this year's class who responded to the question "Did the 
laboratory help you understand more clearly the theoretical concepts?", 13 said yes, 4 said 
no, and 3 said somewhat. ^ * - * * ^ . . 

cla 

St 

wc 

laborat Ot w^***'* ..^t'. t.^^..^ — ^ ^ 

because she. generally believed the theoretical concepts without the eapirical printout. 

I believe that in general the reaction of a student to the laboratory depends largely 
upon his like or dislike of the coiputer. 

Faculty Evaluation ' ^ 

August ia-18, 1972, we held a conference at Hope^^Uege for 51 college teachers of 
statistics^ from the midwest and east. During this ccnference we described use of the 

cDaputer in bur statistics -curriculum. From this conference we received both written and 
verbal comments, some of which I would like to summarize* 

tt is* not always - oossible to add a laboratory because of insufficient staff time or 
- - j«-..*4. - ^^ar-^r*-. ^'^V^l ^*'e« «t!^H '•a*^*^ ^55 norbao* possible ^for the students to 




Also students seem to gain intuition when they use the computer. 



A valuable by-product of the statistics laboratory is the opportunity for students to do 
some research a s^ undergraduates. Their mathematical, maturity and background »ay 
sufficient to "prove certain results , theoretically but they are able to obtain answers 
eapirically* . ^ - 

• some of our conference participants are using part of our materials ^«^^^f^^^- J^^^'T^ 
academic year. We hope to receive summaries of their experiences by the end of this acaaemic 
year. 

» computer labocatory in statistics proviaes new anfl interesting .challenges to both 
student ■ a nd teachec. !l lot of extra tine is regoired. However if the exercises are 
meaningful and not jost busywork, the tiae'ls well spent. 
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